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THE SEA FLOOR ENVIRONMENT AND THE FISHERY OF EASTERN GEORGES BANK

The Influence of Geologic and Oceanographic Environmental Factors
on the Abundance and Distribution of Fisheries Resources of
the Northeastern United States Continental Shelf

Page C. Valentine and R. Gregory Lough

Summary

New digital data base maps are being compiled that show topography,
sedimentary environment, and the distribution of fisheries species on eastern Georges
Bank. These maps result from collaborative research undertaken by the U. S. Geological
Survey and the National Marine Fisheries Service to examine how geologic, biologic, and
oceanographic factors interact to structure the bank’s environment. It is well known that
sea floor habitat type is one of several important factors governing the abundance and
distribution of fisheries species. However, the nature and geographic distribution of
habitats on Georges Bank are not well documented. The results of this first attempt to
map the sea floor environment in some detail are a potential basis for formulating new
approaches to monitoring, managing, and studying the bank’s resources and
environmental processes. The maps illustrated here are simplified versions of large-scale
(1:250,000) maps in press or in preparation.

The nature of the sea bed sediment varies widely on eastern Georges Bank, and it
is a key element in the development of the biological community. Originally, this
sediment was transported to the bank by glaciers; and since their retreat, it has been
winnowed and redistributed by the action of rising sea level and by tidal, storm, and
other currents. As a result, sediment texture on the bank ranges from very coarse gravel
to muddy sand. In sandy, shallow areas (3 to 50 meters water depth), strong tidal
currents have constructed large dunes and sand ridges. In deeper areas, bottom currents
and sediment movement are slower, and the sea bed is smoother and finer-grained. A
thin, coarse-grained pavement of gravel is a striking feature of the northern part of the
bank; it includes areas of rough sea floor where many large boulders occur. Seven
sedimentary provinces have developed on the eastern Georges Bank sea floor through
the interaction of environmental factors such as bottom topography, availability and type
of sediment, and the speed and direction of bottom currents.

The gravel pavement is a newly discovered feature of the sea bed that extends
along the Northern Edge and Northeast Peak for 150 km and covers an area of more
than 3000 km® It forms as a lag deposit where strong currents winnow sand from coarse
glacial sediment. The gravel, which is heavily trawled and dredged for groundfish and
scallops, is interpreted to be an important habitat for the spawning and survival of
fisheries species such as cod, scallops, and herring.



The distribution patterns of juvenile cod on eastern Georges Bank suggest that the
gravel habitat is the area where they are best able to avoid predators and to find food
sources, and therefore, that the gravel may be essential for their survival and recruitment
to the fishery.

Sea scallops on eastern Georges Bank are most abundant on gravel or gravelly
sand habitat and are almost absent from sandy areas. This distribution appears to be
related to the inability of juvenile scallops to colonize areas of the bank where strong
currents and shifting sand result in their burial and in the clogging of their feeding
apparatus.

The location of herring spawning grounds indicates that the coincidence of gravel
pavement and strong tidal currents produces a unique environment where the eggs can
attach to a firm substrate and hatch in clean, oxygenated water. This area is limited to
the shallow, western part of the gravel habitat on the bank’s Northern Edge.

Physical disturbance of the sea bed is caused by strong, erosive currents (tidal and
storm), which construct and move sand features across the bottom. Moving sand
alternately buries and exposes other sea floor habitats, and thereby alters the structure
and composition of the biological community. In addition to this natural reworking of
the surficial sediments, much of eastern Georges Bank is trawled and dredged for
groundfish and scallops, which disturbs and turns over the sea bed. In untrawled,
gravel-dominated areas of the Northern Edge and Northeast Peak, there exists a
biologically diverse community dominated by abundant attached organisms. The
presence of these organisms certainly increases the fine-scale, biological roughness of the
sea bottom, and, by modifying the sea bed, they may play an important role in the
fisheries habitat. By contrast, in heavily trawled areas of the gravel habitat, this
community is poorly represented, and the bottom is relatively smoother.

Introduction

The purpose of this report is to present results of recent environmental studies of
eastern Georges Bank (Fig. 1) and to preview maps that show correlations between sea
floor environments and the abundance and distribution of sea scallops and juvenile cod
and the location of herring spawning grounds.

The marine environments of eastern Georges Bank are structured by the
interaction of many factors. 1. Water depth ranges from 3 to 150 m and affects the
penetration of sunlight and the strength of waves and currents on the seabed. 2.
Topography varies from steep sand ridges 20 to 30 m in height found in shallow water
(which channel the flow of bottom currents) to the relatively gentle regional slope of the
deeper bank surface. 3. Sediment types and associated prey organisms provide
substrates that affect the growth of fisheries species. 4. The flow of currents moves
sediment, constructs dunes and ridges, mixes bottom and surface waters, and transports
nutrients and small plants and animals. 5. Oceanographic frontal systems form
environmental gradients (sharp changes in temperature, salinity, and nutrient
concentration) between the Georges Bank water and the distinctive waters of adjacent
regions (Gulf of Maine, Scotian Shelf, Atlantic Ocean). The diverse biological
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Figure 1. Map showing the location of the U.S. Geological Survey-National Marine Fisheries Service research area
on eastern Georges Bank. Scale 1:3,230,000 (1 inch = 51 miles).

communities of the bank and the abundance and distribution of fishery species appear to
be related in a complex way to environmental factors, to biological interactions, and to
the impact of human activities, including the removal of fish stocks, and the physical
disturbance of the sea bed.

Many of the organisms that are important to the Georges Bank fishery exhibit a
close relationship with the sea floor environment during a part of their life cycle. The
habitat may serve as a spawning ground, a nursery area for juveniles, or a suitable
environment for growth of prey species, among other functions. Cod, haddock, scallops,
lobsters, and many other species dwell on the sea floor for most of their lives, but spend
their early months of growth and development (egg, larval, and juvenile stages) in the
water column near the sea surface. By contrast, herring spend most of their lives in the

water column above the bottom, but their eggs require attachment to a firm substrate for
hatching.

During the past 10 years, many Georges Bank fishery populations such as cod,
haddock, herring, and scallops have declined while others such as skate and dogfish
have expanded rapidly (National Oceanic and Atmospheric Administration, 1991).
Decades of research on the bank by geologists, oceanographers, and fisheries biologists
has shown that it is difficult to document direct interactions between environmental
factors and fisheries species. A major problem is the lack of maps of the sea floor



environment at scales that will reveal these relationships. A comprehensive knowledge
of the regional environmental framework is required to provide a basis for answering
questions regarding the health of a fishery, the effects of ocean dumping and pollutant
dispersal, or the impact of offshore mining and energy production.

Recently, scientists of the USGS and the NMFS have undertaken a
multidisciplinary effort to map eastern Georges Bank in order to identify relationships
between the physical and biological aspects of the environment in more detail than
previously has been attempted. New digital data base maps have been compiled (scale =
1:250,000; 1 inch = 4 miles) that show the topography, sedimentary environment, and
distribution of fisheries species (Valentine and others, 1991a, 1991b). Maps showing the
relationships of juvenile cod, scallops, and herring egg beds to the sedimentary
environment are shown in condensed form here. These maps are compiled from both
published reports and new data from our most recent studies. Methods of data
collection include sidescan sonar and seismic reflection surveys, observations and
sampling from submersibles, bottom sampling for sediment and herring egg beds, and
trawling for juvenile cod and scallops.

Regional Setting of Georges Bank

Georges Bank is a shallow (3-150 m water depth), elongate extension of the
northeastern U. S. Atlantic continental shelf east of New England (Fig. 2). It covers an
area of some 40,000 km? and is bounded on the north by the deeper waters of the Gulf of
Maine and on the south by the Atlantic Ocean. The bank is eroding, and no sediment is
transported to it from the continent or from adjacent shelf regions. Glacial debris covers
the bank, and sand is winnowed from it and transported into deep water by strong tidal
and storm currents; the gravel remains. Tidal currents flow dominantly northwest and
southeast. In shallow areas, tidal currents mix bottom and surface waters and combine
with weaker current systems to form a broad current gyre that circulates clockwise
around the bank (Brooks, 1985; Butman and others, 1987; Loder and Greenberg, 1986).
Oceanographic frontal systems separate the generally well-mixed bank water from
stratified water of the Gulf of Maine and the Atlantic Ocean; these water masses
(including occasional warm-core rings of Gulf Stream water) differ in temperature,
salinity, nutrient concentration, and in the small planktonic plants and animals that
inhabit them.

Evolution of the Sea Floor Environment

Sea floor environments on eastern Georges Bank range from highly energetic on
the shallow bank crest, as represented by rugged sand ridges 20-30 m high and an
extensive gravel pavement, to a relatively smooth sea bed toward the southern flank of
the bank, where the bank surface is finer-grained sediment (Fig. 3; Valentine and others,
1991a). By the end of the last great ice advance approximately 18,000 years ago, an ice
sheet filled the Gulf of Maine, extenided onto the northern and eastern edges of the bank,
and flowed seaward through the Northeast Channel (Hughes and others, 1985). At that
time, sea level was approximately 100 m lower than it is in the region at present.
Georges Bank was covered by moraines of rock debris deposited from the ice and by
outwash deposits transported by water flowing southward from the glacier (Schlee 1973;
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Figure 2. Map showing water mass circulation patterns in the Georges Bank-Gulf of Maine region. Water masses
exhibit distinctive physical properties (temperature, salinity, stratification, mixing, nutrient concentration). Mixing
of bottom and surface waters in shallow areas by strong tidal currents recycles nutrients which leads to high
biological productivity. Depths in meters. Scale 1:3,600,000 (1 inch = 57 miles). (after: Brooks, 1985; Butman and
others, 1987; Loder and Greenberg, 1986)

Schlee and Pratt, 1970; Emery, 1987). The coarsest sediment was laid down beneath the
glacier and along its seaward margin on the northern and eastern parts of the bank,
where today the sea floor is armored by a gravel pavement.
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Glacial retreat and rising sea level marked the start of an erosional episode that
continues today and is recorded in the modern sediment patterns observed on the bank
(Figs. 4, 5; Valentine, 1991; Valentine and others, 1991b). By using the modern sea floor
textures and features (and the environmental processes that formed them on this shallow
bank) as a model, we envision the evolution of the sea floor as follows. Glaciers
retreated from the northern and eastern part of the bank, leaving hummocky mounds of
rock rubble composed of sediment that ranged in size from mud to large boulders. The
more southerly part of the bank was covered by sand and fine gravel carried by water
flowing from the melting glacier. The sea flooded the bank and eroded glacial sediment
and landforms, thus reworking and smoothing the bank surface. Sand and mud were
winnowed and transported off the bank onto the southern bank margin and northward
into the Gulf of Maine. High sand ridges, similar to those now present on the bank
crest, grew in shallow water in response to the flow of strong tidal currents.

The advance of the sea, accompanied by increasing water depth and continued
erosion, caused sea floor sediment textures to change. Sand ridges that had grown in
shallow water were eroded; younger ridges formed in newly submerged areas. A thin
gravel pavement (similar to gravel lag deposits that form in deserts as sand is removed
by wind) evolved in areas of the coarsest glacial deposits. Glacial sediment on the
southern part of the bank was reworked into a broad sheet of gravelly sand and low
sand dunes and ripples. The shallow crest of the bank, the last part to be submerged, is
now covered by sand that is being transported across the sea bed by tidal and storm
currents and built into high sand ridges and dunes. In low places between sand ridges,
gravel deposits are visible. Erosion by storm and tidal currents continues, and the bank
surface is becoming coarser as sand is removed to deep water. Areas of gravel pavement
and gravelly sand are expanding westward along the northern edge of the bank into
areas now dominated by sand sheets and sand ridges.

Seven sedimentary provinces (based on sediment texture and bedforms, current
speed, and sea floor morphology) have formed on eastern Georges Bank as a result of
the processes described above (Fig. 6). The texture of each province is closely related to
bank topography and water depth, and to the strength of tidal bottom currents and the
availability of movable sediment. On the Northern Edge and Northeast Peak (province
1), the sea bed is more than 70 weight percent gravel which is packed tightly into a thin
pavement overlying a mixture of sand and gravel; boulders are common in several areas
(outlined by dashes in Figures 3-8). The gravel pavement extends for 150 km along the
Northern Edge and Northeast Peak and covers an area of more than 3000 km? It is a
major feature of the eastern Georges Bank sea floor, and its nature and extent were
determined during the present research. On the northern slope and in Northeast
Channel (province 2), sediment texture is highly variable and includes gravel, but it is
dominantly gravelly sand; it is a transitional region between the coarser gravel pavement
and the finer sediment of the Gulf of Maine and the Atlantic slope. The texture of the
north central shelf (province 3) is also gravelly sand, but rippled sand and sand dunes
are present. The shallow bank crest and the central and southwest region of the shelf
(province 4) are chiefly sand formed into large dunes and ridges. Between the sand

Figure 3. Map showing topography of eastern Georges Bank (shallow areas are stippled) and the lateral extent of
the environmentally important gravel pavement (grid pattern). Dashed lines enclose areas of bouldery sea floor
that are infrequently trawled by fishermen. Depths in fathoms (meters). Scale 1:745,000 (1 inch = 12 miles).
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biologially rough habitat, have a positive, negative, or no impact on the fishery? Does
this activity oxygenate the sediment, release buried nutrients, damage herring egg beds,
or adversely affect juvenile fish and scallops? How long does it take to re-establish a
disturbed gravel pavement and its associated fauna? Do untrawled areas of the bank,
especially the gravel habitat, serve as refuges for juveniles and for breeding adults that
are important in sustaining a heavily utilized fishery? Is eastern Georges Bank a good
region in which to compare trawled and untrawled habitats?

Should fisheries sampling strategies be designed to focus on seasonal sampling of
specific habitats? Should sampling be more intensive in some habitats than in others?
Should sampling strategies emphasize the targeting of individual groundfish species even
though this approach may require more sampling effort; or should surveys continue to
address all species simultaneously? Should special attention be paid to the sampling of
juveniles? Should sampling be designed to take advantage of behavioral traits of species;
for example, day versus night sampling?

Answers to these questions will require further multidisciplinary investigations of
the Georges Bank environment, a necessary first step being the compilation and
interpretation of detailed maps showing relationships between the environment and the
fauna in the water column and on the sea bed.
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Figure 11. Photographs of the sea bed on eastern Georges Bank. Top photo, gravel pavement in trawled area;
note juvenile cod (dorsal view) in center of photo (water depth 73 m; 42° 05’'N, 66° 40°'W; 1987). Bottom photo,
gravel pavement in untrawled area showing abundant worm tubes attached to gravel (water depth 88 m; 42°N,
66° 10°'W; 1989). Pebbles shown here range in size up to 2-3 inches in length.
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